Background: Posterior-stabilized total knee prostheses were introduced to address instability secondary to loss of pos-
T his study aimed to determine whether there is a difference in the rate of revision of fixed-bearing compared with mobile-bearing posterior-stabilized total knee prostheses. Posterior-stabilized total knee prostheses were introduced to address instability secondary to the loss of posterior cruciate ligament function. Some surgeons selectively use posterior-stabilized prostheses to address instability when there is a deficient posterior cruciate ligament or when there is substantial preoperative angular deformity that requires resection of the ligament. However, many surgeons use this type of design following routine resection of the posterior cruciate ligament in the belief that this approach allows for improved knee flexion and ease of ligament and flexion-extension gap balance 1, 2 . Posterior-stabilized total knee prostheses have either fixed or mobile bearings. Mobile bearings were developed in the hope of improving the function and longevity of total knee prostheses. They are most often used with posterior cruciate-retaining designs, but there are also a number of mobile-bearing posteriorstabilized total knee prostheses. The most common reason for revision of a total knee arthroplasty is aseptic loosening of the implant, with both wear and torque as contributing factors. Mobile bearings were introduced in an attempt to reduce polyethylene wear and possibly reduce torque at the bone-implant interface. In biomechanical testing, mobile bearings were found to reduce both contact stress and polyethylene wear; this has the potential to decrease the risk of revision, particularly in younger and more active patients [3] [4] [5] [6] [7] . It has also been argued that mobile bearings have the potential to enhance patellar tracking, reduce pain, enhance function, and reduce patellofemoral-related revision 8 . Many studies have compared clinical and radiographic outcomes of mobile and fixed-bearing total knee prostheses 4, 5, 7, [9] [10] [11] [12] . One meta-analysis demonstrated an early reduction in anterior knee pain for patients with mobile-bearing total knee prostheses 7 . However, other studies have not identified any clinical or radiographic benefit for the use of mobile-bearing compared with fixed-bearing total knee prostheses 5, [9] [10] [11] . A number of randomized controlled trials have examined comparative revision rates and found no difference, but these studies had limited follow-up and small numbers of patients 5, 10 . In contrast, the authors of larger, registry-based studies have reported higher revision rates for mobile-bearing total knee prostheses 6, 13 . Very few studies have specifically compared fixed-bearing posterior-stabilized and mobile-bearing posterior-stabilized total knee prostheses. In a small number of studies, no differences in midterm functional and radiographic outcomes between patients with fixed and those with mobile-bearing posteriorstabilized prostheses were identified 4, 11, 12 . In one study with limited follow-up, implant survival rates were also reported to be similar 14 . It remains uncertain whether the outcome of posterior-stabilized prostheses differs depending on whether the prosthesis has a fixed or mobile bearing.
In the current study, the International Consortium of Orthopaedic Registries (ICOR) used a distributed health data network to examine a large cohort of posterior-stabilized prostheses to determine if the outcome of a posterior-stabilized total knee arthroplasty differs depending on whether the prosthesis has a fixed or mobile design.
Materials and Methods
A ggregated registry data were collected via a distributed health data network that was developed by ICOR. This approach was used to reduce barriers to participation (e.g., security, proprietary, legal, and privacy issues) that have the potential to occur with the alternate centralized data warehouse approach 15, 16 .
A distributed health data network is a decentralized model that allows secure storage and analysis of data from different registries 17 . Generally, the data from each registry are standardized (e.g., the data elements are operationalized) and provided at a level of aggregation most suitable for the detailed analysis of interest, with the aggregated data combined across registries 18 .
The first step undertaken to develop the health data network was to evaluate the variation in international practice patterns, including patient selection, technology use, and procedural detail. All interested registries participated, and a methodology committee discussed the inclusion of key variables for analytic purposes. Next, each registry with an interest in participating completed simple tables depicting the means and proportions of patient and procedure-related characteristics. Six national and regional registries (those of Kaiser Permanente [U.S.], Sweden, the Emilia-Romagna region of Italy, the Catalan region of Spain, Norway, and Australia) participated in this study.
Each registry provided data on mobile and fixed-bearing posteriorstabilized prostheses implanted between 2001 and 2010. Only the prostheses associated with primary total knee arthroplasties performed for the treatment of osteoarthritis were included. All types of fixation were included except for the rarely used reverse hybrid (cementless tibial and cemented femoral component) technique. The use of patellar resurfacing was reported. The outcome of interest was time to first revision (for any reason). The sample sizes by registry, mobility, age, sex, fixation method, and patellar-resurfacing status are presented in Table I .
Statistical Analyses
Multivariate meta-analysis was performed with linear mixed models, with survival probability as the unit of analysis 19 . The models estimated the residual covariances precisely as described previously 20 and also implemented a transformation [21] [22] [23] to ensure that the models could be fitted with existing SAS software (version 9.2; SAS Institute, Cary, North Carolina). Survival probabilities and their standard errors were extracted from each registry for each unique combination of the covariates (e.g., mobility, patellar-resurfacing status, and patient age) at each distinct event time. Each unique combination was grouped into yearly time intervals, with only the earliest observation in that interval retained. We fitted two models, one that treated the registries as a set of fixed effects and one that treated them as random effects. Although the randomeffects model offers some inferential advantage for combining studies 24, 25 , with few observational data and/or registries the estimated between-registry variation in the random-effects model can be rather inaccurate. Moreover, the absence of randomization for mobility groups could lead to confounding because of registry-level effects, which the random-effects model does not address but the fixed-effects model does 26, 27 . Therefore, we gave preference to interpretation of the fixed-effects model, particularly when the parameter estimates differed substantially between the fixed and random-effects models 26, 27 . Accordingly, we present the results of the fixed-effects model below and include the results of the random-effects model in the Appendix (Table III) .
The results from the linear mixed models are presented as hazard ratios (HRs) for revision, with a 95% confidence interval (CI) and a p value. SAS (version 9.2) was used for all analyses. Further details regarding the model fitting are presented in the Appendix.
Results

T
he study includes 137,616 posterior-stabilized knee prostheses; 17.6% had a mobile bearing and 62% were in female patients. Five-year revision rates for all types of total knee arthroplasties varied across registries, from 1.8% to 3.5%. Distribution of fixed and mobile-bearing posterior-stabilized procedures by registry, mobility, age, sex, and patellar-resurfacing status is reported in Table I .
From each registry and each covariate profile (based on age, mobility, sex, and patellar-resurfacing status), estimates of survival probabilities and their standard error were obtained at ten time intervals (year zero to one through year nine to ten). The complementary log-log transformation of these survival estimates was combined in a general linear model with a fixed registry effect (Table II) and in a linear mixed model with a registry-level random intercept (see Appendix). There was no evidence of interactions of mobility and age, sex, or patellar-resurfacing status. The details of the model-fitting procedure are given in the Appendix. The results of the fixed-effects model provide the hazard ratio for revision of mobile-bearing posterior-stabilized prostheses compared with that for revision of fixed-bearing posterior-stabilized prostheses at different time points (Table II) . The model indicates that in the first time interval (year zero to one), mobile-bearing posterior-stabilized prostheses had a significantly higher hazard ratio for revision (1.86; 95% CI = 1.28 to 2.7, p = 0.001). For all other time intervals, mobile-bearing posterior-stabilized prostheses had higher hazard ratios; however, these differences were not significant. The survival probabilities (estimated from the model) for fixed and mobile-bearing knee prostheses are given in Figure 1 . Graph comparing the survival probability of the fixed and mobile-bearing posterior-stabilized (PS) prostheses over time. The fixed-effects model outlined in Table II is depicted. The x-axis values of 1 through 9 correspond to the interval years zero to one through eight to nine. The shading indicates the 95% confidence interval.
Discussion
M obile-bearing posterior-stabilized prostheses have an increased rate of revision compared with fixed-bearing posterior-stabilized prostheses. This difference is evident in the first year. After that, the difference is maintained, with the revision rates for both fixed and mobile-bearing posterior-stabilized prostheses continuing to increase at a similar rate. There was no evidence of interactions of mobility and age, sex, or patellar-resurfacing status.
The major advantage of this study is that it includes a large number of procedures with posterior-stabilized prostheses. Mobilebearing posterior-stabilized prostheses in particular are not commonly used, but in this study we were able to compare the outcome with that for fixed-bearing posterior-stabilized prostheses. There are two major limitations to this study. First, although there was evidence of a difference in outcome, the reasons for that difference are not apparent. This is because the reasons for revision were not identified in the current study. Second, the performance of individual types of prostheses was not analyzed, so it remains uncertain whether the higher rate of revision for mobile-bearing posteriorstabilized prostheses is true for all mobile-bearing posteriorstabilized devices or is only evident for some.
Conclusions
T he results of this study suggest that despite some potential theoretical advantages of the use of posterior-stabilized mobile bearings, there is no evidence that this mobile-bearing design is associated with a reduced risk of revision when combined with a posterior-stabilized design. On the contrary, the risk of revision is increased compared with when fixed-bearing posterior-stabilized prostheses are used.
Appendix: Model-Fitting Details F or the models comparing mobile and fixed-bearing posteriorstabilized knee prostheses, we examined the sensitivity of the results to outlier observations (for all data and with observations that had a standard error of more than 0.05, more than 0.025, or more than 0.0125 removed). We determined that removing the observations with a standard error of more than 0.025 would sufficiently limit the inaccuracies that arose from observations involving unreliable information. We began with a model that includes an intercept, mobility, patient age, sex, fixation method, patellar-resurfacing status, time, mobility by time interaction, and registry-level random effects for intercept and residual variance fixed at one. A likelihood ratio test with maximum likelihood estimation found significant improvement as a result of including the mobility by time interaction terms (x 2 [9] = 100.077; p < 0.0001), and therefore they were included in the model. Lastly, we explored whether there was evidence of an interaction between mobility and patellar-resurfacing status, fixation method, or sex. A global test of all of these two-way interactions indicated no evidence of an effect (x 2 [5] = 7.851; p = 0.165). n
